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Results: Twenty-one (0.15%) subjects were diagnosed with Chinese G γ(
Nine (0.06%) were diagnosed with Southeast Asia HPFH (SEA-HPFH) deletion.
Seventy-five (0.53%) cases remained uncharacterized. Three genotypes for Chinese G γ(
0 -thal and SEA-HPFH deletion were identified, respectively. The genotypephenotype relationships were discussed.
Conclusion:
Our study for the first time demonstrated that (δβ) 0 and HPFH were not rare events, and molecular characterized G γ( A γδβ)
-thal and HFPH mutations in the
Chinese Zhuang population. The findings in our study will be useful in genetic counseling and prenatal diagnostic service of β-thalassemia in this populations.
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| INTRODUCTION
The thalassemias (thals) are a group of inherited hemoglobic disorders resulting from defects in the synthesis of one or more of the hemoglobin chains. According to the type of globin involved, thalassemia can be divided into α-, β-, δβ-thal and hereditay persistence of fetal haemoglobin (HPFH). 1 Two types of the determinants for δβ-thal or HPFH, namely, the deletional and nondeletional types, have been classified on the basis of extensive molecular studies. 2, 3 (δβ) 0 -thal and HPFH are caused by large deletions in the β-globin cluster involving δ-and β-globin genes, with or without A γ-globin genes. 4 These mutations are characterized by high fetal haemoglobin (Hb F) levels in adult.
Heterozygotes for δβ-thal have hypochromic microcytic red cells with the levels of Hb F ranging from 5% to 20%, and, in contrast, HPFH heterozygotes have normal blood indices with higher Hb F (15%-30%). 
| MATERIALS AND METHODS

| Human subjects
| Hematological parameters and red cell indices analysis
Peripheral venous blood samples of 2.5 mL volume were collected from all subjects, with an Ethylenediaminetetraacetic acid anti-coagulated tube. Peripheral blood counts and red blood cell incidences were determined using the SYSMEX XE800i automatic blood cell analyzer (Sysmex Corporation, Kobe, Japan). Quantitative assessment of hemoglobin HbF, HbA, and HbA 2 were performed using automated capillary electrophoresis system (CapillaryS 2, software version 6.2; Sebia, Paris, France).
| Genetic analysis
Genomic DNA were extracted from peripheral blood leukocytes using DNA blood extraction kits (Tiangen Bio-Tech Co. Ltd., Beijing, China). Molecular study for common alpha and beta defects in Chinese population were performed as previously described. 13, 14 Multiplex ligation-dependent probe amplification (MLPA) was firstly used to analyze dosage changes of the β-globin gene cluster for associated with HBB; MRC-Holland, Amsterdam, the Netherlands). The gap polymerase chain reaction (Gap-PCR) and sequence analysis were then performed to identify the deletions using the respective flanking primers (Table 1) .
| RESULTS
A total of 105 individuals with Hb F (≥5%) from 14 204 unrelated subjects were enrolled to characterize the molecular basis of (δβ) The results of hematological data of each cases were showed in elements that affect the expression of the γ-globin genes. 15 So far, more than 40 types of (δβ) 0 -thal and HPFH deletions have been reported in the world. 8 And at least 12 have been described in Southeast
| DISCUSSION
Asian population. 16 Over three types of (δβ) 
and SEA-HPFH. 20 The structural differences among them are the deletional length and the varying 5′ and 3′ breakpoints (Figure 1 ). In this study, only Chinese G γ( A γδβ) 0 -thal, and the SEA-HPFH have been identified in the Chinese Zhuang population. There were not evidences for other types of (δβ) 0 -thal and HPFH. Data showed that the carrier rate of (δβ) 0 -thal was 0.15% and SEA-HPFH thal was 0.06%, in which both were lower than that in Thailand population and the local population in Guangdong Province, 7,18 but they were higher than that in Chinese Hakka population and Taiwan population. 3, 21 Moreover, the carrier rate of SEA-HPFH was lower than that in Karachi group of Pakistan. 22 The comparison of carrier rate here indicated that there may be major differences in the prevalence of (δβ) (Figures 1 and 2A) . [23] [24] [25] [26] [27] This mutation was first identified from Chinese population in 1972 by
Mann et al. 23 Since then, it has been described in different populations. 17, 28, 29 In this study, we performed a survey of the incidence and molecular characteristics of thalassaemias with a large-scale survey in Chinese Zhuang people. Subjects carry the heterozygotes for Chinese Gγ(Aγδβ) 0 -thal in our study had high Hb F levels (10%-20%) and hypochromic microcytic red cell indices, which are consistent with previous report. 30 While, carriers had a wider size of mean corpuscular volume (MCV 60.6-78.0 fl) and mean corpuscular hemoglobin (MCH 20.0-27.3 pg) ( Table 2 ). Moreover, combination of Chinese Gγ(Aγδβ) 0 -thal and β 0 -thal can produce varying phenotypes. 30 The IVS-II-654(C>T) mutation, which creates an additional 5′ donor splice site at position 652 resulting in a frame shift and a stop codon, is usually designated Cantonese. 32 Herein, we are the first to comprehensively describe this mutation in Zhuang population and obtained a set of hematological data from individuals with different forms of this mutation.
Nine (0.06%) subjects had SEA-HPFH deletion in our study. Seven individuals with heterozygotes for SEA-HPFH showed similar features to previously reported, 18, 32 and all had normal Hb levels and slightly decreased MCV and MCH levels. While, two patients who were compound heterozygous for SEA-HPFH and β 0 -thal mutation presented as β-thal intermedia phenotypes (Table 2 ). This findings indicated that the SEA-HPFH deletion is more akin to a β-thal phenotype with raised Hb F as seen in all seven heterozygous subjects in the present study.
The distinction between HPFH and δβ-thal is subtle and is made on clinical and hematologic grounds. 7 The SEA-HPFH and Chinese -thal in our study (Table 2) . That may be due to the reduced quantity of δ chain synthe-
The expression of HbF is associated with γ-globin gene and can be influenced by many factors, such as quantitative trait loci (QTL) inside or outside the β-globin gene cluster. 33, 34 In this study, we only detected the deletional type of δβ-thal and HPFH, and other genetic factors associated with high Hb F levels were not determined and awaits further study in the future.
In summary, our study for the first demonstrated (δβ) 0 and HPFH
were not rare events in the Chinese Zhuang population. As coinheritance of deletional δβ-thal or HPFH with β-thal can result in variable clinical phenotypes, a differential diagnosis of these conditions is therefore important for providing appropriate treatment and genetic counseling to these cases. 18 Since the Chinese G γ( 
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